The extent of injury to the tubulointerstitial compartment has been recognized for several decades as closely linked to declining renal function in glomerular diseases. In addition to secondary inflammatory injury and ischemia as mechanisms of injury in the tubulointerstitium downstream from diseased glomeruli, proteinuria itself is now recognized as a pathogenic factor and an independent risk factor for the progression of kidney disease. [1] [2] [3] Reduction of proteinuria is now a major therapeutic goal in reducing risk for renal progression. 4 Current strategies to reduce proteinuria are largely focused on treatment of the underlying glomerular disease and by alteration of glomerular hemodynamics and filtration. With improved understanding of basic mechanisms of proteinuria-induced injury, however, more refined and proximate strategies based on molecular pathogenesis of proteinuria-induced tubulointerstitial injury may be possible.
The damaging effects of proteinuria on the renal tubulointerstitial compartment involve a variety of mechanisms. 5 These include tubular cell toxicity, when the lysosomal capacity to degrade proteins reabsorbed in excess by the tubules is overwhelmed, the downstream exposure to chemokines in tubular fluid, or the expression of surface neoantigens and adhesion molecules with proinflammatory action. In addition, tubular epithelial cells respond to exposure to filtered serum proteins, as to other forms of injury, by undergoing epithelial-to-mesenchymal transition (EMT), with reduction of epithelial phenotype and functions and induction of increased cell motility and matrix production. Transition toward a mesenchymal phenotype has been demonstrated in epithelial and endothelial cells by in vitro as well as in vivo studies and is recognized as an important contributor to the development of fibrosis, 6 not only in the kidney but also in lung and liver. The mechanisms involved in proteinuria-induced EMT in renal tubular cells have not been clearly identified. 5 As an important component of innate immunity, the complement system is activated in proteinuric states. Tang et al. 7 in this issue of JASN examine the clinical and experimental evidence that complement activation plays a role in tubulointerstitial injury and dysfunction during proteinuria. Existing data suggest roles for both the membrane attack complex, C5b-9, and the anaphylotoxin C5a in injury and dysfunction in proteinuric states. There is also recent evidence that C3-or C6-deficient mice have reduced EMT in models of proteinuria.
The elegant studies by Tang et al. 7 provide a new focus on another complement activation product, the anaphylotoxin C3a, and its role in altering proximal tubular epithelial cell (PTEC) phenotype in vitro and presumptively in vivo. The HKC-8 in vitro cell system is capable of activating complement and undergoing EMT on exposure to serum C3a but not C5b-9. An antagonist of the C3a receptor expressed on the cells inhibits the effect and blocks an increase in the mRNA encoding collagen I. The antagonist also blocks EMT and collagen I-induced by exposure to serum. Extending these observations in vivo in an adriamycin model of proteinuria, C3a receptor null mice develop less albuminuria, lower mortality, and less severe renal failure compared with wild-type mice. C3aR null mice also have less glomerular injury and less severe tubulointerstitial disease, as measured by tubular diameter/cell height ratio and interstitial volume, with less interstitial collagen and fewer myofibroblasts and macrophages.
Although in vitro evidence of C3aR-mediated injury induced by proteinuria in human renal proximal tubular cells reported by Tang et al. 7 is compelling, it is difficult to define the role of complement and C3a directly at the level of the tubular epithelium in the in vivo studies, because glomeru-lar injury was less and urinary albumin lower in the C3aR null mice, and interstitial macrophage infiltration was reduced as well. The diminished tubulointerstitial injury in C3aR null mice could be related to less glomerular injury and consequent diminution of ischemic injury downstream from sclerosing glomeruli, compared with wild-type mice (which have induction of C3aR in the mesangium as well as the tubular epithelium) and/or could be due to less macrophage infiltration, because macrophages can induce fibrogenesis. 8 The role of the complement system in proteinuria, as in other forms of renal injury, is complex and difficult to define precisely in vivo. In vitro studies allow more precision in defining mechanisms but remove the important influences of the in vivo milieu. Regardless, the studies by Tang et al. 7 provide convincing evidence of a role for C3a in tubulointerstitial changes with proteinuria, elegantly expanding previous observations of a role for other complement components. These studies provide yet another potential target for therapies that might be capable of abrogating both tubulointerstitial and glomerular injury mediated by complement activation in proteinuric states, with the goal of improving long-term outcome.
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